Introduction
Hepatocellular carcinoma is an important malignancy of global significance. It is the seventh commonest cancer and the fourth leading cause of cancer deaths worldwide (GLOBOCAN, 2008) . While hepatectomy remains to be the gold standard for treating HCC, long-term prognosis after curative resection remains unsatisfactory with high incidence of recurrence. The reported cumulative 5-year recurrence rate after curative partial hepatectomy averages above 70% in both Eastern and Western centers and the remnant liver is the commonest site of recurrence (Chong et al., 2011; Ercolani et al., 2003; Poon et al., 2001; Yeh et al., 2002) .
Intra-hepatic metastasis from the primary resected tumor and multicentric occurrence of a new tumor in the liver remnant are the two major patterns of intra-hepatic recurrence of HCC. In general, intrahepatic metastasis represented early recurrence (within 1 year after hepatectomy) and is associated with the vascular invasion and the subsequent intrahepatic venous spread while multicentric occurrence is associated with the underlying liver status and represented late recurrence (Jwo et al., 1992; Matsumata et al., 1989; Yamamoto et al., 1998) . Although the exact mechanism has not been clarified, many studies had shown that late recurrence was associated with a better survival than early recurrence (Poon et al., 1999; Poon et al., 2000; Shimada et al., 1996) .
Appropriate treatment for intrahepatic recurrence is crucial in improving long-term outcome after initial hepatectomy. Increased survival rates after aggressive treatment of post-resection HCC recurrence have been reported (Itamoto et al., 2007; Matsuda et al., 2001; Sugimachi et al., 2001; Tralhao et al., 2007; Wu et al., 2009; Zhou et al., 2010) . Currently, various therapeutic modalities such as repeat hepatectomy, local ablation therapy and transcatheter arterial chemoembolization (TACE) have been used to treat recurrent HCC. However, there is no standard strategy for selection among different modalities so far.
Treatment options for recurrent HCC

Liver transplantation
Theoretically, liver transplantation would be the optimal treatment for HCC within Milan criteria as it allows radical resection of the tumor together correction of the underlying liver cirrhosis. However, due to the shortage in organ supply and long waiting time, www.intechopen.com Liver Tumors 122 recommending liver transplantation as the standard treatment for recurrent HCC deems logistically impractical.
Re-hepatectomy
Repeat hepatic resection has been widely recognised as one of the most effective treatments for intra-hepatic recurrent HCC compared to other therapeutic modalities (Chen et al., 2004; Itamoto et al., 2007; Minagawa et al., 2003; Sugimachi et al., 2001; Tralhao et al., 2007; Wu et al., 2009; Zhou et al., 2010) . It should be the treatment of choice in suitable patients with preserved liver function and functional status. The safety and long-term results of repeated resection has been well-established, with operative mortality rates ranging from 0% to 8.5% and the reported cumulative 5-year survival rate after a second hepatectomy was comparable to the survival after initial hepatectomy for primary HCC (Aeii et al., 1998; Farges et al., 1998; Hu et al., 1996; Itamota et al., 2000; Kakazu et al., 1993; Matsuda Y et al., 1993; Minagawa et al., 2003; Nagano et al., 2009; Nagasue et al., 1996; Poon et al., 1999; Shimada et al., 1996 Shimada et al., , 1998 Suenaga M et al., 1994; Sugimachi et al., 2001; Zhou et al., 2010) .
In a recent systemic review where studies reporting in at least 10 patients are included, Zhou et al analysed 29 studies of repeat hepatectomy for recurrent HCC with a curative intent (Zhou et al., 2010) . A total of 1149 patients underwent repeat hepatectomy for recurrent HCC and the rate of repeat hepatectomy ranged from 8.7% to 44%. The median or mean operating time ranged from 136 to 365 minutes and the median or mean estimated blood loss ranged from 211 to 1980 ml. Majority of patients received minor resection at the time of repeat resection. The reported ranges of the 1-, 3-and 5-year survival were 69% to 100%, 21% to 87% and 25% to 87% respectively.
These results may support the use of repeat resection for recurrent HCC. Moreover, it is noteworthy that the rate of extra-hepatic spread after hepatic resection is low. The reported incidence of extra-hepatic metastases after primary liver resection was 5% to 20% while that after second resection was almost the same (Belghiti et al., 1991; Bismuth et al., 1995; Kosuge et al., 1993; Makuuchi et al., 1998) . Nevertheless, repeat resection is technically demanding and difficult due to possible adhesions between the raw liver surface and the surrounding organs, distortion and anatomical disorientation caused by the rotation of liver remnant as a result of regeneration and limited liver reserve after previous resection ( Figure. 1 ).
So far, no consensus has been reached for the standard selection criteria for re-hepatectomy. In general, patients with good performance status and adequate liver functional reserve could be selected for re-hepatectomy if oncological clearance can be achieved (Zhou et al., 2010) . The main consideration remains the probability of patients developing posthepatectomy liver failure.
An important finding reported by the Japanese groups is that the overall survival after second hepatectomy was significantly poorer in patients who recurred within 1 year after first hepatectomy than those who recurred more than 1 year after initial operation (Minagawa et al., 2003; Nagano et al., 2009) . The authors postulated that many of these cases of early recurrence might be a result of intrahepatic metastasis from primary HCC and hence, associated with a poorer outcome. As a result, Minagawa et al, after reviewed 67 patients received repeated hepatectomy for recurrent HCC, concluded that a diseasewww.intechopen.com Treatment Strategy for Recurrent Hepatocellular Carcinoma 123 free interval of more than 1 year after primary hepatectomy, single HCC at primary resection, and negative portal vein invasion at repeated resection were favourable prognostic factors after repeated resection with excellent 3-and 5-year survival rates of 100% and 86% respectively. They, therefore, recommended these patients should be indicated for repeat resection even if they have undergone major hepatic resection as the primary hepatectomy as long as the liver function can be preserved (Minagawa et al., 2003) . Fig. 1 . Intra-operative picture of a patient who underwent right posterior sectionectomy for a recurrent HCC at segment VIII. Multiple adhesions over liver surface were also showed.
The good results from repeat hepatectomy should be interpreted with caution as patients selected for repeat hepatectomy were usually patients with better prognosis, e.g. better liver reserve and smaller tumours.
Recently, laparoscopic hepatectomy is well accepted as a safe and feasible treatment for primary HCC in selected patients with similar result to the open approach (Lee et al., 2007; Vignano et al., 2009) . It is recommended for peripheral lesion requiring limited hepatectomy or left lateral sectionectomy (Lee et al., 2011; Vignano et al., 2009 ). Feasibility of repeat laparoscopic liver resection in recurrent HCC had been reported (Belli et al., 2009; Cheung et al., 2010; Hu et al., 2011; Liang et al., 2009) . However, all these reports only focused on the technical aspects and the short-term outcomes. The importance of careful patient selection should be emphasized when considering laparoscopic re-resection and it should only be www.intechopen.com 
Local ablation therapies
Tumor ablation is defined as the direct application of chemical or thermal therapies to a tumor to achieve eradication or substantial tumor destruction. Although repeat hepatectomy is the most effective treatment for recurrent HCC, impaired liver function and the presence of multicentric tumours often precludes repeat hepatectomy in more than 80% of patients with recurrent HCC (Arii, et al. 1998; Kakazu et al., 1993; Minagawa et al., 2003; Poon et al., 1999; Shimada et al., 1996; Suenaga et al., 1993) . Local ablative therapies have been increasingly used to treat recurrent HCC. They are particularly suitable for treatment of recurrent HCC as recurrence can usually be detected at an early stage on the surveillance imaging after hepatectomy while the nodules are still small.
Radiofrequency ablation (RFA), microwave coagulation therapy (MCT) and percutaneous ethanol injection (PEI) are the three most commonly used local ablative treatment modalities for treatment of small primary HCC. Reports on the use of PEI in treating HCC recurrence are scarce. Both RFA and MCT can be applied percutaneously, laparoscopically, or at open surgery. From the experience in treating primary HCC, RFA and MCT are able to destroy bigger tumor up to 6cm or 7cm in diameter and require fewer treatment sessions than PEI and are therefore gaining attention as a valuable treatment options for ablating recurrent HCC (Goldberg & Gazelle, 2001; Ikeda et al., 2001; Livraghi et al., 1999; Lu et al., 2001; Seki et al., 1999) . Currently, most of the currently available results on local ablative therapy for recurrent HCC were using RFA.
Radiofrequency ablation (RFA)
RFA is a thermo-ablative technique, which works by using a high-frequency alternating current applied via electrodes placed within the tissue to induce temperatures changes and generate areas of coagulative necrosis and tissue desiccation. RFA has been increasingly used to treat small primary or recurrent HCC (<5cm) in patients with poor liver reserve (Lau & Lai, 2009 ). High complete ablation rate (over 90%) and long-term survival comparable to those achieved by hepatectomy have been reported by cohort studies on RFA to treat recurrent HCC after partial hepatectomy. The reported 3-year survival rate averaged above 60% and the 5-year overall survival rate ranged from 18%-51.6% (Camma et al., 2005; Chen et al., 2006; Choi et al., 2007; Tateishi et al., 2005; Taura K et al., 2006; Yang et al., 2006) .
Besides the good results it achieves, RFA also has a few advantages over the repeat hepatectomy. First of all, it can be used in patients with poor liver function who might not be able to tolerate a repeat hepatectomy. Being a minimally invasive technique, RFA can be applied percutaneously in suitable patients and avoid the risk associated with general anesthesia and laparotomy ( Figure. 2). Furthermore, RFA can be applied repeatedly for repeated treatment of recurrence. It is particularly important since in the background of liver cirrhosis, HCC tends to recur repeatedly and repeated treatment may be necessary. Hence, treatment with minimal damage to the non-tumoral hepatic parenchyma may be more preferable. Liang et al compared the long-term survival outcomes of percutaneous RFA and repeat partial hepatectomy for recurrent HCC (Liang et al., 2009 ). They found that there was no significant difference in the overall survival of patients with recurrent HCC treated by repeat hepatectomy or RFA while RFA had the advantage over hepatectomy in being less invasive and causing fewer treatment-related morbidities. The authors attempted to make the baseline demographics in two arms comparable by using the same selection criteria to identify patients received repeat hepatectomy and percutaneous RFA in order to minimize the selection bias. The criteria included fewer than three recurrent tumours with the largest one less than 5cm, no radiological evidence of venous invasion, no extrahepatic metastases, no severe liver dysfunction (Child-Pugh class C), no significant coagulopathy, and no history of encephalopathy, refractory ascites or variceal bleeding.
Of note, as in repeat hepatectomy, the benefit of RFA was more promising for patients with a longer disease-free interval from hepatectomy (Liang et al., 2009; Yang et al., 2006) . Yang et al studied 41 patients with 76 recurrent HCC who received percutaneous RFA after hepatectomy. Early and late recurrences were defined as recurrence that occurred within 1 year and after 1 year respectively (Yang et al., 2006) . The late-recurrence group had a significantly longer overall survival than the early-recurrence group (mean overall survival 42.9 months versus 16.4 months).
Needle tract dissemination is one of the major complications of great concern in percutaneous ablations. (Figure. 3) In a phase II study assessing the treatment-related complications and response rate of RFA in 32 patients by Llovet et al reported that the incidence of needle tract dissemination after radiofrequency ablation was as high as 12.5% (Llovet et al., 2001) . 
Microwave Coagulation Therapy (MCT)
Initially developed for intra-operative haemostasis during hepatectomy, MCT has now developed as a new ablative therapy for treatment of HCC with high ablation rate, even for tumor with wider diameters, rapid ablation time and low morbidity and mortality rates and minimal heat sink effect (Itoch et al., 2011; Lloyd et al., 2011) (Figure. 4 & 5) .
MCT works by agitating water molecules in the surrounding tissue and producing friction and heat, hence inducing cellular death via coagulative necrosis (Simon et al., 2005) (Boutros et al., 2010) . Complete ablations were achieved in 57 of the 60 patients (95%) judged by contrast-enhanced CT carried out 1-2 weeks after procedure and 1-2 months after discharge. However, 39 of the 60 patients (65%) had recurrence and 7 (11.6%) had local recurrence resulting in a low recurrence-free survival. Among these 60 patients, 45 had recurrent HCC. The reported 1-and 3-year recurrence-free survival rates of the patients who underwent MCT for recurrent HCC were 41.6% and 8.8% respectively. Several studies compared RFA to MCT in treating hepatic tumour Ogata et al., 2008; Ohmoto & Yamamoto, 2006; Shibata et al., 2002; Xu et al., 2005) . Most of them failed to detect a superiority of one over another. With the currently available evidence, MCT is a safe and effective treatment for HCC. However, further prospective studies with long-term results are needed in order to confirm its role in treatment of recurrent HCC and its performance compared to RFA or liver resection.
Transarterial therapies
Hepatic flow to the hepatocellular carcinoma and liver parenchyma has a very unique pattern. Typical hepatocarcinoma nodules are highly vascularized with arterial afferents originating from the hepatic artery, whereas the hepatic parenchymal flow is largely derived from the portal vein. This forms the basis of the transarterial therapies.
Transarterial Chemoembolization (TACE)
Despite the results from repeat hepatic resection for intra-hepatic recurrence was well recognised, the re-resection rate is low because of the impairment of functional reserve in the liver remnant and multiplicity of nodules (Eguchi et al., 2006; Kanematsu et al., 1984; . Local ablation should be best performed in patients with recurrences featuring three or fewer small nodules (Shimada et al., 2007) . In contrast, transarterial chemoembolization (TACE) can be applied in any type of HCC, irrespective of tumor size, location, or number of lesions provided that patients have reasonable liver function. In addition, the benefit of TACE on survival in patients with unresectable HCC had already been demonstrated (Llovet & Bruix, 2003; Shim et al., 2009) . Therefore, TACE is widely applicable and practical in patients with intra-hepatic HCC recurrence (Choi et al., 2009; Eguchi et al., 2008; Shim et al., 2010) . Fig. 5 . CT image of a patient with a 5cm segment VIII recurrent HCC at 6 months after microwave ablation. Three passes were performed for a bigger ablative zone and the needle tracts were showed on the follow up scan.
TACE is the intra-arterial administration of chemotherapy combined with arterial embolization and is commonly used as an alternate treatment for recurrent HCC (Figure. 6 ). There is no standardized protocol in the optimal time interval between treatments and also the choice, dosage, concentration, rate of injection of the chemotherapeutic and the embolizing agents. 
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Shim et al analysed data from 199 consecutive HCC patients who underwent curative liver resection and later received repeat TACE for intra-hepatic HCC recurrence. They found that complete tumor necrosis after repeated TACE offered favorable long-term survival outcomes to HCC-recurrent patients, with a median survival time after first TACE of 48.9 months. Despite this, unlike repeat hepatectomy and RFA, TACE cannot be regarded as a curative treatment for recurrent HCC yet.
Although it is not a surgical procedure, the problems of decreased liver reserves and anatomic changes due to previous operation still exist. Moreover, neovascularisation or collaterals that feed the recurrent tumour, damage to the non-tumorous liver tissue, and accumulation of drug toxicity from repeated TACE sessions are the main concern for the use of TACE. Post-embolization syndrome, which is a combination of fever, abdominal pain, nausea and vomiting, elevated liver enzymes and white cell counts for a few hours to a few days, is the most common complication of TACE. Although this syndrome is experienced after 80-90% of TACE procedures, it is mostly self-limited and the treatment is mainly symptomatic. Occasionally, more severe complications like acute cholecystitis, biliary tract necrosis, pancreatitis, gastric erosion or even ulcers can occur as a result of inadvertent injection of the chemotherapeutic and embolizing agents into these organs. Liver failure can develop after TACE and may result in mortality after TACE especially in patients with borderline liver function before treatment. Therefore, patients with portal vein thrombosis or poor liver function are contraindication to TACE.
Selective Internal Radiation Treatment (SIRT)
Selective internal radiation treatment (SIRT) is the delivery of radiation treatment via intrahepatic arterial administration of yttrium 90 (Y-90) microspheres. This technique involved the administration of Y-90 microspheres into the hepatic arterial via the transfemoral route. The administered Y-90 microspheres are then entrapped within the microvasculature and release irradiation. The high tumor concentration of Y-90 microspheres results in an effective tumoricidal radiation-absorbed level while the radiation injury to the normal liver parenchyma is limited.
Its role as a safe and effective therapeutic option for patients with unresectable hepatocellular carcinoma is increasingly recognized. Recently, Lau et al (Lau et al, 2011) reviewed the role of SIRT with Y-90 microspheres for hepatocellular carcinoma, including recurrent unresectable HCC. SIRT is a recommended option of palliative therapy for large or multifocal HCC without major portal vein invasion or extrahepatic spread. It can be used as a bridging therapy before liver transplantation or as a tumor downstaging treatment, or as a curative treatment for patients who are not fit for surgery. However, the evidence was limited to cohort studies and comparative studies with historical control and was mainly targeted on primary HCC. Future research may yield more information on its role on recurrent HCC and the efficacy when compared to chemoembolization or target therapy.
In contrary to chemoembolization, optimal perfusion is required to enhance the free radicaldependent cell death in SIRT. In order to minimize the treatment-related toxicity, hepatic scintigraphy with technetium Tc 99m ( 99m Tc) macro-aggregate albumin (MAA) should be performed to determine the arterial anatomy and to calculate the shunt fraction delivered to the lungs before subjecting the patient to SIRT. Pulmonary shunt fraction greater than 15% on 99m Tc-MAA scan predisposes to radiation pneumonitis and is therefore a contraindication for SIRT. In addition to radiation pneumonitis, other serious complication associated with SIRT include gastric or duodenal ulcers or perforation as a result of reflux of Y-90 microspheres into the gastrointestinal vascular bed and radiation hepatitis resulting from a radiation dose higher than the tolerable level. Nevertheless, most patients only reported mild symptoms like abdominal pain, lethargy or nausea, which may require symptomatic treatment. (Rossi et al, 2010) In most cases, it is a well-tolerated minimally invasive therapy.
Extrahepatic recurrence
Extra-hepatic recurrence or extra-hepatic metastasis occurs as a result of tumor extension from the liver or direct spreading to adjacent structures such as the diaphragm, the bowel and the adrenal gland; haematogenous spread via the systemic circulation to the lung; lymphatic spread from the liver to the portal and abdominal lymph nodes; or peritoneal dissemination from tumor rupture. Lung and abdominal lymph nodes are the commonest sites of metastasis, followed by musculoskeletal system, adrenal gland and peritoneum (Katyal et al., 2000; Yang et al., 2007 ).
There were very few studies addressing the aggressive management of extra-hepatic recurrence after liver resection. This is probably related to the extremely poor prognosis in these patients before the introduction of sorafenib.
Systemic treatment
In general, extra-hepatic metastasis is regarded as an advanced systemic disease and therefore, only systemic chemotherapy or supportive treatment will be offered only. Unfortunately, the response rate of HCC to systemic chemotherapy such as adriamycin is very low and the results were mostly disappointing (Simonetti et al., 1997) .
With better understanding of the mechanism of hepatocarcinogenesis, effective molecularly targeted agents, such as sorafenib, have been emerged and improved survival benefits have been demonstrated in large, placebo-controlled phase III trials in Europe and Asia for patients with advanced HCC (Cheng et al., 2009; Llovet et al., 2008) . While some may criticize that the benefit gained from sorafenib over placebo in patients with extra-hepatic metastasis from HCC was marginal only, the extra months gain may well be extremely valuable to patients.
Surgical resection
Recently, the role of resection of extra-hepatic metastasis from hepatocellular carcinoma has been reviewed (Chua & Morris, 2011) . From the results reported in the literatures, prolonged survival after surgical resection may be achieved in selected patients with solitary extra-hepatic recurrence at the sites of the abdominal lymph node, adrenal gland, lung, and peritoneum. Surgical resection might be an effective option in patients with one or two isolated extrahepatic metastases if the patient has otherwise good performance status, good hepatic functional reserve, and well-controlled intrahepatic HCC recurrence. However, it might just reflect a group of patients with a more favourable natural course of disease (Chan et al., 2009; Lam et al., 1998; Nakayama et al., 1999; Sakamoto et al., 1999) . 
Prevention
Unfortunately, there is still no universally accepted form of adjuvant therapy for preventing recurrence after hepatic resection (Lau et al., 2009 ). Adjuvant regional therapy and anti-viral therapy are the two main directions that researches on this field are working on.
Role of adjuvant regional therapy
The preventive effect of TACE on recurrence after operation had been studied by prospective Zhong et al., 2009 ) and retrospective series (Ren et al., 2004; Xi et al., 2007) mostly in eastern centers. The survival benefit of adjuvant TACE after hepatic resection was demonstrated in patients with high risk factors for recurrence while the effect in low risk for recurrence remains questionable. However, the quoted high risk factors for recurrence varied between studies, namely large tumor, multiple nodules, vascular invasion and presence of portal vein tumor thrombus. With the currently available evidence, the adjuvant regional chemotherapy with or without embolization or combination of systemic chemotherapy does not provide any additional benefit (Chan et al., 2000; Lau et al., 2009; Schwartz et al., 2002) . Adjuvant transarterial treatments with 131 I-lipiodol and adjuvant immunotherapy with interferon had demonstrated early promising results, which may have a role in preventing early intra-hepatic recurrence (Boucher et al., 2003; Ikeda et al., 2000;  www.intechopen.com Treatment Strategy for Recurrent Hepatocellular Carcinoma 135 Kudo et al., 2002; Lau et al., 2008; Partensky et al., 2000; Sun et al., 2006; Takjayama et al., 2000) . However, its role remains to be confirmed by further studies.
Antiviral therapy
In Asia, chronic hepatitis B virus (HBV) infection is the major cause of HCC. The risk for HCC development is closely associated with hepatitis B e antigen (HBeAg) status and the serum HBV-DNA level. Recent studies showed that tumour recurrence after curative treatment of HCC was increased with the level of HBV-DNA and alanine aminotransferase (ALT) (Cheung et al., 2008; Huang et al., 2008) . This implies that HBV viral replication may play a role in HCC development and tumour recurrence. Scattered results from perspective and retrospective studies have shown that continuous treatment with nucleotide analogue in patients with chronic hepatitis B or cirrhosis could reduce the risk of HCC development (Liaw et al., 2004; Matsumoto et al., 2005) . Wong et al reviewed the results of nine cohort studies including more than 500 patients in a recent meta-analysis concluded that anti-viral therapy could significantly reduce the risk of HCC recurrence after curative treatment of HBV-related HCC (Wong et al., 2011) . Furthermore, anti-viral therapy might also allow salvage therapy in case of HCC recurrence by better-preserved liver function as supported by the result of two other studies (Kuzuya et al., 2007; Piao et al., 2005) . Hence, anti-viral therapy with nucleotide analogues should be considered after curative treatment of HBVrelated HCC for the potential benefit in tumor recurrence and overall survival.
Conclusion
The principles of therapy for recurrent HCC should be, in fact, the same as those for primary HCC. Patients should have proper pre-operative assessment for their general functional status and evaluation of the functional liver reserve. Active hepatitis seems to be an important factor for patients considered for repeated liver resection, and therefore viral status, viral activity and finally liver function have to be evaluated thoroughly before resection. Depending on the local availability of various imaging modality, detail workup for restaging the disease and to rule out extra-hepatic metastasis is an important part in the decision of the best treatment for patient with recurrent HCC. Re-hepatectomy should be the treatment of choice if the tumour is resectable in terms of patient's performance status, tumour staging and functional reserve of the liver remnant. For patients with small recurrence and borderline liver functional, local ablation therapy is a safe and effective treatment option. In case of multiple intra-hepatic recurrences, TACE can be considered in patients with good liver function as long as the portal veins remain patent.
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